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Abstract Objective: To establish a liquid chromatography—tandem mass spectrometry (LC-=MS/MS) method
for determining the concentration of cyclic guanosine monophosphate (¢cGMP) in lysates of human colon
adenocarcinoma lung metastasis cells (T84 cells) after co—incubation with linaclotide. Methods: A Kromasil 100-

5-Cis column (150 mm x 2.1 mm, 5 pm) was used with a mobile phase consisting of 0.1% formic acid in water and
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0.1% formic acid in methanol, employing a gradient elution at a column temperature of 50 °C . The detection was

performed using an electrospray ionization (ESI”) source and multiple reaction monitoring (MRM) mode, with the
monitored ion transitions for cGMP and the internal standard 8-Br—cGMP being m/z 344.20 — 150.00 and m/z
423.90 — 230.00, respectively. Results: The linear ranges for cGMP were 1 to 500 ng*mL™" (- = 0.999). The method

demonstrated precision, accuracy, matrix effects, and extraction recovery rates that met analytical requirements.

The method was successfully applied to accurately detect cGMP levels in cells after administration of two types

of linaclotide capsule formulations. A significant concentration—-dependent change in ¢cGMP levels was observed
after co—incubation of linaclotide with T84 cells for 30 min, with ECsy values of 167.6 and 112.1 nmol * L™ for

the reference and test formulations, respectively. Conclusion: The method established in this study demonstrates

excellent selectivity and accuracy, effectively quantifying ¢cGMP levels in lysates of human colon adenocarcinoma

lung metastasis cells, providing a reliable analytical tool for related pharmacological research.

Keywords: liquid chromatography—tandem mass spectrometry; cyclic guanosine monophosphate; cell lysate;

linaclotide
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MKCP2470, #L ¥% 25 mg). N 45 8-Bromo—cGMP
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I Vg B A R A RS ED 5 R RO R (i
5 b220801, FiLA% 30 mg ). FIJIR 1% ik Jie 24 ol 51 (1L -5
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JE —1- I REBEIE S IBMX ) (L5 P2568066 ), 2R 5
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0.8~2.8 min, 95%A — 30%A;2.8~3.1 min, 30%A — 0%A;
3.1~3.8 min, 0%A;3.8~4.0 min, 0%A — 95%A;4.0~
6.0 min, 95%A ), % ( 0~2.8 min, 0.4 mL * min™"; 2.8~
3.1 min, 0.4 mL * min™' — 0.6 mL * min™'; 3.1~3.8 min,
0.6mL*min"'; 3.8~4.0 min, 0.6 mL* min”" — 0.4 mL*min';
4.0~6.0 min, 0.4 mL * min™" ), #EAEE 3 pl, FEHE 50 °C.
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BRI, Z2 B R Wi ( MRM) #5555 B i 5 L R
—4 500 V; A5 X 241.3 kPa, P iR 500 °C, Filf 15
62.1 kPao T 143 i W 0 2 3838 : cGMP,
m/z 344.20 — 150.00, filf & H & -34.11 V, KR H &
~71.10 V; 8-Br—cGMP ( WHR ), m/z 423.90 — 230.00,
Rl 48 F s -31.88 V, KK HL & -148.81 V., Tk
A3 BT Y W B T3 38 cGMP, m/z 344.20 — 133.00,
filf 8 FL R =50.11 V, /& HL  -100.04 V. ¢GMP Jit
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2.2 AEWECH
221 XFER KSR S TR cGMP X B& iy
50% T 7K U W A O i BE 2 2 000 pg - mL, BP
15 cGMPXT B8 & it 25 W . itF — 20 HH 509% HY B 7K %5
WORR RS, A5 B BT i R B2 4300 0.02.,0.1.0.2. 1.2, 4,
10 pg - mL™" 1 cGMP FrifE il 2 T AR [k il 4 ot
BWRE M 0.04.0.6. 8 pg - mL™ AYFEE TR
22.2 ARERTR A TAERR BRI (8-Br-
cGMP ) H] 50% HB/K S0 i T e 2 100 pg - mL™
RIS IFRAE AT ; AR ] 50% H s K Ao B, 15 5]
JREREE R 1 pg - mL™ AR TAEMR . LREE Y
1E =20 CIR-AF
223 FHAIMIRMIR T84 i R AE [T F 12 fL
KA, TR K 2 75%~85% Bl &5 3, W 1 3 36,
LM A 0.1 mol - L™ #£ % 300 pL, T 2% ¥ T 24 i
20 min Ji5 , FH 4] 00 4, 7530 40 it 2 A 1
W, TELHLT 4 °C,1000xg B0 10 min J5 B E
5, B,
2.3 BRI ZAT: b K T i i A B i Ak B

IBUZN L 4 A 9 100 L, 43 3 I ACAS [R) ¥ B2 A b
HEMZE TAEW 5 pL, PR (1 pg-mL™" )5 pL, IR &
), JH Strata X 2 BB EAT B AHZE I, SRJG 1 mL
FHE (55 0.19% 2K ) UEIBE IER DRI , 40 CASI
W, N 5% HEE (75 0.1% H R ) 100 pl & %, iR iE
YR, (4 °C, 13000 1+ min™' ) 10 min, B FVE &
WOITERE, 4 C R RRIERE
2.4 TR ST AL EE

B2 B 2% Y RE S 100 L, in A AR TAE W
(1pg- mL™" )5 uL B 4], #E IR “2.37 TR gy ikt
FrAb,
2.5 JrikEEEER
2501 BEEEPE EL6 ARIRDR IR B ZS H 40 i 24
I, & FR 0.048 g+ mL™ A4 I SUERREAS (LA
PR 5 pL, INAZS A 24 100 pl, i€ 30 s )
15 cGMP 0.48 pg - mL™" 19 20 g 24 i 0 AE A (L
10 pg - mL™" cGMP br i pH £ TAEW 5 pL, InA %S H
Y 4R 100 L, FAKE 30 s ), ¥ “2.37 T K Jy kAt
HHCAIAFR TAER, A 50% FBEK R S pl, 9%
J& 47 LC-MS/MS 73 A1l % Do 3 B cGMP 9.5 x
107 pg - mL™" B 200 0 52 A 0 RE A% (1 0.02 pg » mL!
cGMP bRy 28 TAEW 5 ul, I A ZS 11 40 i 244 T
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100 pL, i jE 30 s ) FISEERAFNRE &, 32 “2.37 T )7
BAL PR, FEAT LC-MS/MS 23 A il 5 . &5 53 (WL E]
2 ) cGMP FHNARI PR B B[] 535018 2.56 1 3.03 min,
IR LT
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CEEIBUG Inbs ) o 00 9y e 1 R ) - S (ELAR P A, TH
FEO) K BRI B BRI, D25 2 0 vk i 4 B R
R, SR cGMP A2 Y 32 SRR N 245 L 3%
3. MERA E TE 101.5%~112.8%, K % & RSD A # i
14.6% . LT cGMP F 5

G b R R R S TR 4 i) R (186.3 =
33)%.(854+52)%.(86.7+2.6) %, NhrEHali
R (84.4£3.5) %, 25 W ISR KE % B RSD /T
15.0% , H bR RE0 4 [RTSCR B —80, FF A 20K
255 FREMEEE RRRE “2.2.17 WUF B TAE
W5 pL, i “2.37 WUF 5 RARAE, 45 cGMP BT AI%
WRE (LQC). v i (HQC ) 4 i 2 Rt B i i 4%
50y, H B 217 TR SRR I, 2B A A AL BT =
TE 4 h ALBRE HEFERRIUE 40 h RELIEIS 2 1K -
80 CHAT 6 d WIFeuE . A WREERS %% RSD AN
i 10.6% , HERAFEAE 98.6%~111.0% , FWITE L) | 444
T, cGMP FE4HMI R P AR e M R A7, L3R 4.
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A. 25 AR IR A ( negative control of cell lysate sample ) B. {3 PAFR 0.048 pg » mL™" AHAEISLAFAE S ( contains only internal standard 0.048 pg * mL™
cell lysate sample ) C. FeffE m BRI 9.5 x 107 pg - mL™" RN 40 A 24 A IR i (the minimum quantification limit concentration was 9.5 x 107 pg » mL™
for the cell lysate sample of the test substance ) D. {7 5 5 1 FR 0.48 pg - mL™" B4 ¥ £ 4 5 Conly containing a sample with a quantitative upper limit of
0.48 pg * mL™" of the analyte concentration )  E. SZFRFFIMEEH: (actual sample to be tested )

BEl2 cGMP(1)5MHR(2)HEIEE

Fig. 2 Chromatograms of cGMP (1) and internal standards (2)
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R1 HAEBEBTERRLER (n=5)

Tab.1 Results of intra—precision and intra—accuracy

HEPRE 2 ETR R -1 HE ARG T HER B -2 HEN RGP HER B -3
FBHe (intra—precision and intra—accuracy—1) (intra—precision and intra—accuracy-2 ) (intra—precision and intra—accuracy-3 )
(theoretical SN . N S . N SEME . N
. : WEE fERRE _ WEE R _ W R
concentration )/ ( determined ) ( sion ) ( ) ( determined ) ( sion ) ( ) ( determined ) ( ision) ( )
(ngeml™) Sy precision ) (accuracy +SD/ precision ) (accuracy +SD/ precision ) (accuracy
o RSD/ % ! % o RSD/ % ! % ., RSD/ % ! %
(ng'mL ) (ng'mL ) (ng'mL )

1 1.04 +0.06 5.7 104.00 1.00+0.12 11.5 100.2 1.06 + 0.04 3.8 105.8

2 2.06+0.15 7.2 103.2 2.03 +0.06 2.9 101.6 2.16+0.17 8.0 107.9

30 29.93 +0.95 32 99.8 29.43 +0.75 2.6 98.1 31.55+1.38 4.4 105.2

400 405.44 + 12.76 32 101.4 407.03 £5.23 1.3 101.8 428.26 + 13.01 3.0 107.1

F2 HEEREREEIRER (n=15)

Tab. 2 Results of inter—precision and inter—-accuracy

PR SEE L MR E
(‘theoretical concentration )/ ( ng* mL™") (determined ) = SD/(ng*mL™") ('precision ) RSD/ % (accuracy )/ %
1 1.03 £ 0.08 7.4 103.3
2 2.08 +0.14 6.6 104.2
30 30.30 + 1.36 45 101.0
400 413.57 £ 14.79 3.6 103.4

F3 T84 MM RSP cGMP NERIERBLLER
Tab.3 Matrix effect results of cGMP in T84 cell lysate

B0 Re2 FE i HeJZ ( concentration )/ 44 (mean )/ D KEH B (precision ) HERASE (accuracy )/
('matrix number ) ~ ('sample ) (ng-mL™) (ng-mL™) RSD/ % %
1 LQC 2.23 2.10 2.27 2.20 0.09 4.0 110.0
HQC 427.95 415.77 407.70 417.14 10.19 2.4 104.3
2 LQC 2.20 2.24 1.99 2.14 0.13 6.3 107.2
HQC 400.63 431.14 407.21 412.99 16.06 3.9 103.2
3 LQC 2.06 1.72 2.31 2.03 0.30 14.6 101.5
HQC 428.25 390.95 415.35 411.52 18.94 4.6 102.9
4 LQC 2.21 2.26 222 2.23 0.03 1.2 111.5
HQC 488.02 428.33 424.22 446.86 35.71 8.0 111.7
5 LQC 2.41 2.23 2.13 2.26 0.14 6.3 112.8
HQC 409.77 429.80 431.42 423.66 12.06 2.8 105.9
6 LQC 2.23 2.24 2.22 2.23 0.01 0.4 111.5
HQC 409.93 421.59 421.51 417.68 6.71 1.6 104.4

x4 TS4 FRMBMBEHSTD cGMP FEEMLEL R ( mean = SD)
Tab.4 Results of cGMP stability in T84 cell lysate samples

. SEE i i A
(determined ) + SD/(ng-mL™) ('precision ) RSD/% (accuracy )/ %
(stability test item )
LQC HQC LOC HQC LQC HQC
Ak BT ZE U R 4 h (4 hours at room 2.16+0.23 394.32 +27.08 10.6 6.9 108.0 98.6
temperature before processing )
URFAGER 2 YR (freeze — thaw two cycles ) 2.08+0.11 393.22 + 8.41 5.5 2.1 103.9 98.3
—80 °CHAT 6 d ( storage at =80 C for 6 d ) 2.22+0.08 428.48 +16.30 3.5 3.8 111.0 107.1
b P8 I #ERE 4 40 h(after sample 2.17+0.20 415.66 + 14.60 7.0 3.5 108.7 103.9

processing, place it in the sampler for 40 h)

AL HREL
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2.6 FIIBIEARILIE B 1

2.6.1  FITSUE KL A ROR o FE B M e S
500 5 5z 45 3, K NS o B A
TR ER 22 bR TR K 1140 pL, ¥E7% 30 min $2HL
RNy (BRI HEE M 5% 10° nmol + L7 ), 35 0.22 pm
TG T U8 B AT B R, AR B HPLC A4S 0 25 S, {66 FH
PR 16 2% i A= Bk 7KOR B BR B 4 B, 4521 200 000,
100 000,50 000.5 000.2 000.1 000,500,250,
50 nmol * L™ 9 N B B AOTA TR

FIFB & K HPLC A6 2% 1F : 2% F Kromasil 100-

5-Ci5(4.6 mm x 250 mm, 5 pm ) 4 3% £, DL 2 JE
(A)-0.2% BERR/KIER (B ) R shA, B6 Ve (0~
1.50 min, 50%A ; 1.50~3.00 min, 50%A — 90%A ;
3.00~3.01 min, 90%A — 50%A ; 3.01~4.00 min, 50%A ) ,
PN 1 mL - min™', FEAER 5 pl, AR 40 °C R
220 nm,

2.6.2  AN[RIHE BE 250 X A0 3 T B2 T84 4
ML LEEFL 4 x 10* A8 AP T 96 FLAR T, AL
TR 100 pL, K5 FF 72 h, FR A0 M RE A K XA
AT 2y, RIS BEE Zi S e, 3t 9 AR IE R
B, 439124 20 000, 10 000, 5 000, 500,200, 100,50,
25.5 nmol - L™, BN EE % 5 AN L. DAl () IE
K25, 5595 24 h )5, B fL A CCK 8 k7] 10 pL,
BEE 1.5 h, RIS 5 BT H shBEn O, 3 B
WA 450 nm, W WS BE JF R A L AF T 2. X
B2 R 7 R 4L (2R A B S T84 4 ).
Z LHIFE (S RIS T84 4 ) % E 4 (R
TINZGH7 I T84 4 ) Fzs 14 (AR INZmiE YA 1
BRI ), AT R = (LI ISR - 25 AL IR
B /O BR A W W BE — 25 LA ) x 100%. 45
SRR, FIIR IS R 0 A2 3 700 B 2 LU R0 25 9 e s
5~20 000 nmol - L™ Ju[Hl X4 IE 71 (A ) ¥ T30,
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Fig. 3 The impact of linaclotide at different concentrations on T84
cell viability
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Tab.5 c¢GMP concentration in T84 cell lysate after

administration of two Kinds of linaclotide capsules

RERIR YRR cGMP YR FE
(dosage )/ ( ¢cGMP concentration in lysate )/ ( ng * mL™)
(nmol + L") 221201 W054136

5 391+0.15 3.49+0.35

25 18.67 +0.63 14.58 £0.78

50 3548 +£3.35 35.39+1.69

100 55.92+3.22 48.41+2.44

200 83.56 +8.12 60.12 +4.52

500 98.16 + 15.80 85.24 £ 1.61

5000 127.29 + 8.49 123.75 +2.66

10 000 131.62+7.72 113.52 +£6.20
20 000 106.05 + 3.44 117.93 + 15.76
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Fig. 4 Non-linear fitting graph of the effect of different concentrations
of linaclotide on the cGMP activation in T84 cells
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